1. Introduction {#sec1}
===============

Fungal infections, very common in man, are of an increasing significance both in developed and developing countries due to illnesses like diabetes, HIV infection, and the use of immunosuppressive drugs. In dermatology outpatient clinics, principally in tropical countries, cases of tinea (cutaneous/skin mycoses) and other superficial fungal infections observed daily with definitive diagnoses can be detected on the skin, in hair, on the nails, in periungual folds, in the mucosa, and so forth \[[@B1]\]. It is difficult to outline their exact epidemiological profile as these are not diseases requiring compulsory notifications \[[@B2]\]. Several factors affect the higher incidence of superficial and cutaneous mycoses, including bioclimatic conditions favorable to the development of fungi in saprophytic life, promiscuity, sweating, prolonged contact with pets, and contaminated water from swimming pools and surrounding risk areas \[[@B1]\]. Superficial mycoses are infections of skin, hairs, and nails caused by dermatophytes, yeasts, and nondermatophyte molds. Amongst these, dermatophytes are responsible for the largest number of cases \[[@B3]\]. The Indian subcontinent has a varied topography and the hot and humid climate is highly favorable for the acquisition of fungal infections. The nature of dermatomycoses changes with the passage of time, change in living conditions, and evolution of preventive measures and hygienic conditions in society \[[@B4]\]. These variations inspired us to study the epidemiological and mycological pattern of dermatomycoses to contribute to the current understanding of the etiological distribution of the most frequent fungal agents causing the skin, hair, and nail infections in our region.

2. Materials and Methods {#sec2}
========================

The study was conducted in the Department of Microbiology, Maulana Azad Medical College, New Delhi, over a period of two years (2012-2013). The study group comprised three hundred and fifty-one (351) clinically suspected cases of dermatomycoses, and the hair, skin, and nail samples were collected as per individual\'s symptomatology. The samples were collected in sterile petri dishes and direct microscopy using 10%--20% potassium hydroxide (KOH) was done and the samples were screened under 10x and 40x for fungal hyphae, spores, or yeast cells. They were then inoculated onto two sets of Sabouraud dextrose agar (SDA) containing chloramphenicol (0.05 mg/mL) and cycloheximide (0.1--0.4 mg/mL) and incubated at 25°C and 37°C. The cultures were examined once a week and were declared negative if no growth was obtained till 4--6 weeks.

The isolates were further identified by studying the culture characteristics, pigment production, and microscopic examination of the lactophenol cotton blue (LPCB) mounts and slide culture (wherever necessary). Those samples that yielded 3 or more growth and were negative in KOH mount were considered contaminants/mixed growth. Two different fungal structures seen on microscopy and corresponding two different fungi isolated on first and repeat cultures were termed as double growth. Mixed growth was defined as isolation of more than or equal to 3 fungal growth on SDA, without positive findings in the KOH mount. Contaminants were defined as fungal growth on SDA without a positive KOH mount or no growth on repeat culture or negative on repeat KOH mount or mixed growth.

3. Result {#sec3}
=========

Of these 351 cases, 236 (67.2%) were males and 115 (32.7%) were females ([Table 1](#tab1){ref-type="table"}) with a male : female ratio of 2 : 1. The commonest age group was 21--30 years (23.3%) followed by 31--40 years (20.5%). In females, it was more common in children \<10 years of age (23.4%). Infections were least common in \>60 years of age group (5.6%). Patients from urban area (81.5%) were more frequent than those from the rural area (18.5%) and the frequency of literate patients (64.6%) was more than that of the illiterates (35.3%).

Out of all the samples received, 196 (55.8%) were nail samples, 123 (35%) were skin samples, and 32 (9.1%) were hair samples. Amongst the skin samples, 48 (39%) were positive by culture and 44 (35.7%) were positive by KOH. Only 32 (26%) were positive by both KOH and culture. In hair samples, 9 (28.1%) were positive by culture and 8 (25%) were positive by KOH, while 6 (18.7%) were positive by both KOH and culture. In nail samples, 144 (73.4%) were positive by culture and 136 (69.3%) were positive by KOH and 109 (55.6%) were positive by both KOH and culture ([Table 2](#tab2){ref-type="table"}).

Dermatomycoses were seen in 215/351 (61.2%) of cases and 15 (4.2%) of them had double growth, while 9 (2.5%) had mixed growth. Out of 196 nail samples, 144 (73.4%) were single type of growth and 11 (5.6%) were double type of growth, while 5 (2.5%) were contaminants. Out of 123 skin samples, 48 (39%) had single growth, 4 (3.2%) had double growth, and 4 (3.2%) had mixed growth. Out of 32 hair samples, 9 (28.1%) had single isolate growth. There was no growth in 54.4% of skin samples, 71.8% of hair samples, and 19.8% of nail samples ([Table 3](#tab3){ref-type="table"}).

Most common isolates obtained in our study were nondermatophyte molds (NDMs) (36.1%), followed by dermatophytes (13.8%) and yeasts (8.6%). Amongst the NDMs,*Aspergillus niger* (9%) was the most common mold, followed by*Aspergillus flavus*(8.1%),*Penicillium*spp. (3.5%),*Mucor*spp. (3.2%),*Rhizopus*spp. (2.7%), and*Alternaria alternata* (2.4%). Other NDMs which were isolated were*Fusarium*spp.,*Cunninghamella*spp.,*Syncephalastrum*spp.,*Bipolaris*spp.,*Scytalidium*spp., and*Curvularia*spp., as shown in [Table 4](#tab4){ref-type="table"}. Amongst the dermatophytes,*Trichophyton rubrum* (4.6%) was the most common followed by*T. verrucosum* (3.2%), while amongst the yeasts*Non-albicans Candida* (NAC) species were more common (6%) as compared to*Candida albicans*(2.1%). From the skin samples,*T. rubrum* (6.2%) was mostly isolated followed by*C. albicans* (5.5%), NAC (5.5%), and*T. schoenleinii* (3.9%). Amongst the hair samples, dermatophytes were mostly isolated (*T. rubrum*,*T. mentagrophytes*, and*T. verrucosum*(6.2% each)). Meanwhile in nail samples most common isolates were*A. niger* (14%),*A. flavus*(12.5%), and NAC (6.7%).*T. rubrum* (3.3%) was the most common dermatophyte isolated followed by*T. verrucosum* (2.8%) ([Table 4](#tab4){ref-type="table"}).

4. Discussion {#sec4}
=============

The maximum number of cases was seen in the age group of 21--30 years (23.3%) followed by 31--40 years (20.5%). Similar to our study, a high prevalence in the younger age group was found in another study conducted in Gangtok in 2009 and in Bangalore in 2000 in our country \[[@B5], [@B6]\]. This increased incidence in the younger population could be because younger patients are more often exposed to occupation-related trauma and increased indoor/outdoor activity. There is also an increased cosmetic consciousness in younger people compared to older people with an increased outpatient visit. Most samples were obtained from male patients (67.2%) as compared to females (32.7%). Similar peak in this age group and a male predominance have been observed by workers in Shimla, India, in 2014 \[[@B4]\]. However in a study in Western Iran in 2013 there was more of female preponderance \[[@B7]\]. The males might be more prone because of prolonged outdoor activity and increased perspiration which creates an environment leading to the development of these fungal infections. In our study 81.5% patients were from urban area, while only 18.5% of patients were from rural area. It might be due to more awareness, literacy, and cosmetic consciousness in urban people as compared to rural people. Most of our patients were literate, which again reflects increased awareness and cosmetic consciousness in them.

Dermatomycoses were seen in 61.5% of cases in our study ([Table 2](#tab2){ref-type="table"}), while in a study in Tamil Nadu in India in 2015 the prevalence of dermatomycoses was 27.6%, which was less as compared to ours \[[@B8]\]. In a study by Veer et al. \[[@B9]\] in Aurangabad, India, dermatomycoses of nail were seen in 48.86% of cases which was also less than the percentage in our study. We found nail as the commonest (55.8%) site of superficial fungal infection followed by skin (35%) and hair (9.1%); Lakshmanan et al. \[[@B8]\] in 2015 had found skin as the commonest site of superficial infection, followed by nail and hair.

Out of 351 samples, 53.5% were positive by KOH and 61.2% were positive by culture. Amongst these, 35.7%, 25%, and 69.3% of skin, hair, and nail samples were positive by KOH, while 39%, 28.1%, and 73.4% of them were positive by culture, respectively. Studies have shown that the KOH wet mount positivity rates range from 23.8% to as high as 91.2% which was true in our case \[[@B4]\]. In a study conducted in Ludhiana 13.2% of KOH negative nail samples exhibited growth on culture which was less as compared to our observations \[[@B10]\]. In our study 53.5% of samples were positive by KOH and 61.2% were positive by culture. In a study in Kashmir, India, in 2013, KOH mount and culture showed positive results in 84 (56%) and 60 (40%) patients, respectively \[[@B11]\]. Shenoy et al. \[[@B12]\] in their study in 2008 showed positive results in 53% and 35% of cases by microscopy and culture, respectively. Meanwhile in the study by Das et al. \[[@B13]\] in eastern part of India in 2008, direct microscopy was positive in only 32.9% of cases, and culture was positive in 49.4% of cases. Our study showed culture was positive in more number of cases as compared to the above-mentioned studies. The skills involved in techniques of sampling and in examining the KOH mount might be different at different places, which might account for the difference in microscopic and culture findings, making it essential that all the KOH negative samples should be cultured.

The predominant isolates in our study were NDMs (36.1%) followed by dermatophytes (13.8%) and yeasts (8.6%). Nondermatophyte molds (NDMs) are considered as pathogenic when they are positive both in microscopy and in culture or if the same isolate is obtained on repeat culture. Collection techniques have been taken care of and proper training for the same has been provided to the concerned people at the collection end and hence a proper collection of sample by the clinician is understood to have been done. Additionally, proper biosafety precautions and care are taken in the laboratory while processing the samples to avoid the growth of laboratory contaminants. In addition there is no increased growth of these NDMs in other samples being processed in the lab to suggest contamination. Studies conducted by Lakshmanan et al. \[[@B8]\] in 2015 and Patel et al. \[[@B14]\] in 2010 in Gujarat (India) also showed an increased prevalence of NDM. However, in a study by Lone et al. \[[@B11]\] in Kashmir, India, the most common organisms were dermatophytes (61.66%), followed by NDMs (31.66%) and yeasts (6.66%). Greater prevalence of dermatophytes as the etiological agents was also seen in previous studies by Kaur et al. \[[@B15]\] in 2007, Aghamirian and Ghiasian \[[@B16]\] in Iran, and Sayed et al. \[[@B17]\] in Lebanon, while yeasts were the most common agents in a Canadian study in 2000 by Gupta et al. \[[@B18]\] and in a Greek study in 2002 by Koussidou et al. \[[@B19]\].

Amongst the NDMs,*A. niger*(9%) was the commonest isolate in our study, which was also found by Kaur et al. \[[@B15]\] and Grover \[[@B20]\]. In another study in Iran by Mikaeili and Karimi \[[@B7]\] in 2013,*A. flavus*,*A. niger*, and*A. fumigatus*were the more frequent isolated species.

*T*.*rubrum*was the most common dermatophyte isolated in our study followed by*T. verrucosum* and*T. mentagrophytes*. Kaur et al. \[[@B15]\] in their study in 2007 previously in the same institute had reported*T*.*mentagrophytes*as the most common dermatophyte, reflecting a changing trend in our area. Singal et al. \[[@B21]\] in their study in 2001 had also reported a change in the spectrum of dermatophytes in North India with most common isolate being*T. violaceum*(38%) followed by*M. audouinii*,*T. schoenleinii*,*T. tonsurans*,*M. gypseum*,*T. verrucosum*, and*T. mentagrophytes*. Our finding was in concordance with other studies by Lone et al. \[[@B11]\] in Kashmir, Alvarez et al. \[[@B22]\] in 2004 in Colombia, and Veer et al. \[[@B9]\] in 2007 in Aurangabad (India) which found*T*.*rubrum*as the most common dermatophyte, suggesting that*T. rubrum* might have developed increased virulence and better adaptation to hard keratin of skin, hair, and nail leading to its increased prevalence.

We have isolated many NDMs other than*Aspergillus*spp. ([Table 4](#tab4){ref-type="table"}). In their study, Veer et al. \[[@B9]\] have isolated*Scopulariopsis*spp. (16.66%),*Alternaria*spp. (16.66%),*Fusarium*spp., and*Curvularia*spp. (8.3%) each. Sarma et al. \[[@B23]\] in New Delhi in 2008 had isolated*Curvularia lunata*,*Penicillium*spp.,*Alternaria alternata*, and*Geotrichum candidum* (1 each, 10%). Our study, to our knowledge, is probably the first to report many other NDMs like*Syncephalastrum*spp.,*Cunninghamella*spp.,*Rhodotorula*spp., and*A. terreus*, causing dermatomycoses. We have also isolated*Scytalidium*spp. and*Scopulariopsis*spp. and*Microsporum audouinii. Rhodotorula*spp. most commonly cause pulmonary and urinary tract infections, keratitis, and meningitis.*Syncephalastrum*spp. and*Cunninghamella*spp. can cause dermatomycoses and onychomycoses.*Scopulariopsis*spp. cause onychomycoses and rarely cause pneumonia and septicaemia.*A. terreus* causes disseminated and invasive aspergillosis mostly in osteomyelitis, meningitis, and endocarditis.*Scytalidium*spp. cause onychomycoses and other cutaneous and subcutaneous infections.

To our knowledge, ours is the first study reporting the mycological pattern incriminated in all the three hair, nail, and skin infections along with the isolation of various NDMs. However, there were limitations to our study: it is a retrospective analysis of data, many of the clinical details were not available to include in the study, and there was an inability of follow-up of patients in the final analysis of the precautions and medications, as it was difficult to trace the OPD patients.

5. Conclusion {#sec5}
=============

The combined sensitivity of direct microscopy and culture, found to be better than direct microscopy and culture alone, reemphasizes the need for use of both tests as a routine for diagnosis and treatment of these patients. Furthermore, the demonstration of dermatophytes, NDMs, and yeasts in causing hair, nail, and skin infections in our study has reemphasized the increasing role of NDMs, thought to be normal laboratory or environmental contaminants, as a causative agent of dermatomycoses, replacing the lone causative dermatophytes. Increasing clinical acumen and suspicion and awareness of the demographic profile of the population involved along with more studies for better building of databases and knowing the trends of the etiological spectrum will go a long way in combating the disease occurrence and resulting cosmetic defacement.
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###### 

Age and sex distribution of the patients.

  Age in years   Male *n* (%)      Female *n* (%)    Total *n* (%)
  -------------- ----------------- ----------------- ----------------
  0--10          21 (8.8%)         27 (23.4%)        48 (13.6%)
  11--20         26 (11%)          13 (11.3%)        39 (11.1%)
  21--30         56 (23.7%)        26 (22.6%)        82 (23.3%)
  31--40         52 (22%)          20 (17.3%)        72 (20.5%)
  41--50         33 (13.9%)        19 (16.5%)        52 (14.8%)
  51--60         29 (12.2%)        9 (7.8%)          38 (10.8%)
  \>60           19 (8%)           1 (0.8%)          20 (5.6%)
  Total          **236 (67.2%)**   **115 (32.7%)**   **351 (100%)**

###### 

Total samples received in the laboratory and correlation between sample type, KOH, and culture.

  Samples            Total KOH+        KOH+, CUL−      CUL+, KOH−       Total CUL+        Both+             Both−
  ------------------ ----------------- --------------- ---------------- ----------------- ----------------- -----------------
  Skin (*n* = 123)   44 (35.7%)        9 (7.3%)        17 (13.8%)       48 (39%)          32 (26%)          62 (50.4%)
  Hair (*n* = 32)    8 (25%)           2 (6.2%)        3 (9.3%)         9 (28.1%)         6 (18.7%)         21 (65.6%)
  Nail (*n* = 196)   136 (69.3%)       4 (2%)          22 (11.2%)       144 (73.4%)       109 (55.6%)       41 (20.9%)
  Total              **188 (53.5%)**   **15 (4.2%)**   **42 (11.5%)**   **215 (61.2%)**   **161 (45.8%)**   **110 (31.3%)**

###### 

Total number of cases and culture positivity.

  ------------------------------------------------------------------------------------------------------------------------------
  Type of sample   Total cases   Number of pathogen positivities\   Mixed growth *N* (%)   No growth *N* (%)   
                                 *N* (%)                                                                       
  ---------------- ------------- ---------------------------------- ---------------------- ------------------- -----------------
  Skin             123 (35%)     48 (39%)                           4 (3.2%)               4 (3.2%)            71 (55.9%)

  Hair             32 (9.1%)     9 (28.1%)                          0 (0%)                 0 (0%)              23 (71.8%)

  Nail             196 (55.8%)   144 (73.4%)                        11 (5.6%)              5 (2.5%)            49 (23.4%)

                                 **205 (61.2%)**                    **15 (4.2%)**          **9 (2.5%)**        **129 (36.7%)**

  Total            **351**       **368**                                                                       
  ------------------------------------------------------------------------------------------------------------------------------

###### 

Distribution of different isolates from different clinical samples.

                            Organisms             Skin         Hair         Nail         Total *n* (%)
  ------------------------- --------------------- ------------ ------------ ------------ ---------------
  Moulds (36.1%)            *A. niger*            4 (3.1%)     ---          29 (14%)     33 (9%)
  *A. terreus*              1 (0.7%)              ---          1 (0.4%)     2 (0.5%)     
  *A. flavus*               4 (3.1%)              ---          26 (12.5%)   30 (8.1%)    
  *A. fumigatus*            2 (1.5%)              ---          8 (3.8%)     10 (2.7%)    
  *Penicillium*spp.         2 (1.5%)              ---          12 (5.7%)    14 (3.5%)    
  *Fusarium*spp.            ---                   ---          7 (3.3%)     7 (1.9%)     
  *Mucor*spp.               2 (1.5%)              ---          10 (4.8%)    12 (3.2%)    
  *Syncephalastrum*spp.     1 (0.7%)              ---          ---          1 (0.2%)     
  *Cunninghamella*spp.      ---                   ---          1 (0.4%)     1 (0.2%)     
  *Rhizopus*spp.            1 (0.7%)              ---          9 (4.3%)     10 (2.7%)    
  *Scopulariopsis*spp.      ---                   ---          1 (0.4%)     1 (0.2%)     
  *Scytalidium*spp.         ---                   ---          1 (0.4%)     1 (0.2%)     
  *A. alternata*            1 (0.7%)              1 (3.1%)     7 (3.3%)     9 (2.4%)     
  *Bipolaris*spp.           ---                   ---          1 (0.4%)     1 (0.2%)     
  *Curvularia*spp.          ---                   ---          1 (0.4%)     1 (0.2%)     
                                                                                         
  Yeasts (8.6%)             *C. albicans*         7 (5.5%)     ---          1 (0.4%)     8 (2.1%)
  *NAC*                     7 (5.5%)              1 (3.1%)     15 (7.2%)    23 (6%)      
  *Rhodotorula*spp.         ---                   ---          1 (0.3%)     1 (0.2%)     
                                                                                         
  Dermatophytes (13.8%)     *T. mentagrophytes*   2 (1.5%)     2 (6.2%)     4 (1.9%)     8 (2.1%)
  *T. rubrum*               8 (6.2%)              2 (6.2%)     7 (3.3%)     17 (4.6%)    
  *T. schoenleinii*         5 (3.9%)              ---          3 (1.4%)     8 (2.1%)     
  *T. verrucosum*           4 (3.1%)              2 (6.2%)     6 (2.8%)     12 (3.2%)    
  *T. violaceum*            1 (0.7%)              1 (3.1%)     2 (0.9%)     4 (1%)       
  *Microsporum audouinii*   ---                   ---          2 (0.9%)     2 (0.5%)     
                                                                                         
                            Negative              71 (55.9%)   23 (71.8%)   49 (23.4%)   143 (38.8%)
                                                                                         
                            Contaminant           4 (3.1%)     ---          5 (2.3%)     9 (2.4%)
                                                                                         
                            Total                 **127**      **32**       **209**      **368**

[^1]: Academic Editor: Marcel Tanner
